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LIQUID CRYSTAL PANEL 
AND MANUFACTURING METHOD THEREFOR 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

This invention relates to a liquid crystal panel. 
In particular, it relates to a liquid crystal panel 
utilizing a state in which a liquid crystal is 
vertically aligned when no voltage is applied. 
10 >: 2 • Description of. the Related; Art. >■ . ^ ; 

Liquid crystal displays have been developed - . . 
rapidly and it seems they are" substituting for ; v 1 

substantial part of CRT (cathode ray tube ) displays . 
From the top to the bottom in Fig. 5 illustrating a 
15 manufacturing method for a liquid crystal display panel 
that has been generally performed, first, a substrate 2 
that has not an alignment control film coated thereon 
is prepared according to step S51, an alignment control 
film 6 composed of a polyimide, polyamic acid or the 
20 like is coated on the substrate 2 according ' to step S52- 
and then baking is performed according to step S53 
followed by aligning treatment through rubbing. 
Thereafter, according to step S54, two such substrates 
are bonded together, and a liquid crystal 1 is 
25 introduced into the space according to step S55 to form 
a liquid crystal display panel. 

For liquid crystal displays (LCD's) with an active 



matrix, liquid crystal panels according to the TN 
(twisted nematic) mode have been widely applied wherein 
liquid crystal materials having a positive dielectric 
constant anisotropy are aligned horizontally along the 
5 substrate surface and twisted at 90° between the two 
substrates that are facing each other. However, the TN 
mode entails a problem of bad visual angle 
characteristics; and there have been various ■ 
investigations conducted in order to. improve them-. . 

10 As:; a method substituting for this , .there^isvuthe ^ 

MVA ( Multi-domain- Vertical Al ignment ) system wherein a- 
liquid . crystal, material having a negatdve dielectric- 
constant anisotropy is vertically aligned when: no - 
voltage ,is 'applied, and the tilting direction of the : . s 

15 liquid crystal at no voltage application is regulated 
by the uneven > parts installed on the substrate surf aces 
and/or slits of an electrode or electrodes. This 
method has been successful in greatly improving the 
visual angle characteristics . ■* .. i. ; n, ; - c • 

*t-20 * 4 ; -The -explanat ions -of- liquid crystal panelsix' H^r. -< <> 

according to the MVA system follow with examples in •* * 
Figs. 1A, IB and Fig. 2. Figs. 1A and IB illustrate a 
model perspective view showing the alignment of a 
liquid crystal in a liquid crystal panel according to 

25 the MVA system/ and Fig. 2 is a model plan view showing 
the alignment direction of a liquid crystal in a liquid 
crystal panel according to the MVA system. 
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In a liquid crystal panel according to the MVA 
system, a liquid crystal 1 having a negative dielectric 
constant anisotropy between two glass substrates is 
aligned vertically to the substrate surface as shown in 
5 Fig. 1 (A) at no voltage application. Pixel electrodes 
? connected to TFT ' s (thin film transistors, not 

illustrated) are .formed, on a glass substrate 2, and a . 
counter electrode is formed on the other glass : 
substrate 3. Uneven parts 4 are formed alternately on; 
io the pixel electrodes^ and:. the counter. electrode> ^ : vv* 5 *- 
•fv::.>vvr: • ^ respectively ; vn.. ^ .>•.-.- ; :■- . .• /:<-.i. •:*•• v -:y .. • . 

1 When : th'eMTFTri*s t tof f /.that is, when no * volfcagev ±s 
applied, the liquid crystal is aligned in a direction- 
- vertical to the < substrate surface as shown in Fig.; 1A, 

15 and when the TFT is. on, that is, when voltage is 
v:- V/ applied , the liquid .crystal is t ilted ; towards • thev <p : , 

horizontal direction by the effect of the electric 
field, and the tilting direction of the liquid crystal 
1 is regulated .by the structure of the uneven, parts . 
>a-? r 20 >-' Accordingly, -the Idqu^id crystal molecules? are/ aligned , i* 
in plural directions in each pixel as shown in Fig. IB. 
For example, molecules of the liquid crystal 1 are 
aligned, each, in directions A, B, G and D, when uneven 
parts 4 are formed as shown in Fig. 2. 
25 Since it is not necessary for the MVA system to 

have an alignment control film in order to regulate the 
tilting direction of the liquid crystal, the aligning 
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treatment process of an alignment control film 
represented by rubbing is not necessary, while it is 
almost always necessary in horizontal alignment systems 
such as the TN mode. This provides advantages in that 
5 the problems of static electricity and dusts in the 
rubbing process can be avoided , the cleaning steps 
after the aligning treatment can be eliminated, the 
problems of uneven alignment caused by fluctuation of 
the pretiit angle, etc. can be avoided , the facilities ; 

10 can be: simplified owing to disuse x>£ a printing-machine 
for forming the alignment control f ilm, ; baking furnace 
, etc . , .the : processes ..'ic-a-ir be s implif ied? . the . yield: can : t 
be improved; and the: production costs can be.: reduced. 
However, installation of the alignment control film is 

15 still needed in this MVA system. 

Therefore, if the installation of the alignment- 
control film can be avoided in the MVA system, there 
will be a lot of advantages including improved 
qualities of the liquid crystal, improved yield, 

20 simpl i f ied facilities > s imp 1 i f ied process esr* and^ow:^ 
costs . 

Furthermore, omission of the alignment control 
film is particularly advantageous in consideration of 
the present circumstances wherein super jumboizat ion of 
25 the mother glass for substrates of liquid crystal 

panels has been developed rapidly, and it is becoming 
more and more difficult to have a printing machine for 
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alignment control films corresponding to the size. 

On the other hand, regarding technologies for 
enhancing the alignment properties of a liquid crystal , 
there are a liquid crystal existing as independent 
5 particles in a ionizing radiation-cured resin matrix 
(for example, see Japanese Unexamined Patent . 
Application Publication No. 5-113557 , claims ), a 
polymerizable monomer having an alkyl side chain being- 
cured with a liquid crystal (for example, see Japanese 

10 Unexamined Patent .Application Publication .No; 6-265858, 
claims) > a polymeric - network structure-:eoated layer 
>• ( for example; - see Japanese Unexamined Patent ;^ w .;, 

Application Publication No. 6-289374 , : claims );> a liquid 
crystal material in which a photopolymerizable . acrylate 

15 having a liquid crystal skeleton structure is included 
( for example, see Japanese Unexamined Patent 1 
Application Publication No. 8-15707 , claims ) , etc. 
However, it is believed that the question on omission 
of the alignment control film has been still unanswered 

SUMMARY OF THE INVENTION 
It is an object of the present invention to solve 
the above-described problems and to provide a 
technology for the omission of an alignment control 
25 film that has been considered indispensable. Other 

purposes and advantages of the present invention will 
become clear by the explanations below. 
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According to one aspect of the present invention, 
a liquid crystal panel is provided that has a liquid 
crystal layer sandwiched between a pair of substrates, 
wherein the liquid crystal layer comprises a liquid 
5 crystal and a cross-linked resin, and the cross-linked 
resin comprises a cross-linked structural part adhered 
to a liquid crystal layer contacting surface . ( adhered', 
cross-linked structural part) and a terminal' part : 
rising from the liquid crystal layer contacting surf ace 

10- ( rising terminal part} . :,: > • ,•; . i.-.* v 

: v ■; , It .is ;pref erable- that the liquid crystal layerr:i ? s* 

• j formed "by ^erossTl-inkingv in the * presence:; of a? l iquids: - ^ 
crystal, a Iresin Composition comprising one or more :~r"v 
first compounds .„ having a cross-linkable structural part 

15 and a hydrophobic terminal part with a straight-chain :. 
section having three or more carbon atoms (hydrophobics 
long-chain terminal part) , that the cross-linkable., 
structural part of the first compound(s) comprises a 
. polar-group; structural part* that the; polar-group : 

20 structural part does not generate impurity ions ; that % • 
the amount of the resin composition in the liquid 
crystal layer is in the range of from 0.1 to 10 % by 
weight, that the amount of the hydrophobic, long-chain 
terminal part is in the range of from 50 to 95 moles 

25 based on 100 moles of the first compound(s), that the 
liquid crystal has a negative dielectric constant 
anisotropy, that the cross-linking is performed by an 
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active energy ray, that the hydrophobic , long-chain 
terminal part has an alkyl or alkoxy group having from 
6 to 18 carbon atoms f that the cross-linkable 
structural part of the first compound(s) has two or 
5 more polymerizable double bonds per molecule/ 

particularly that at least one compound represented by 
formula ( 1 ) or (2) below is included as the first 
compound ( s > 
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B 



A 1 



(1) , 



B 2 - 



B 1 

A 2 — B 2 """" - . - (2) 

B 3 



* ( in ^f ormulae «.* ( 1 ) -and ( 2 ) , : R 1 is a hydrophobic -y -long-^v<^: 
chain terminal part; A 1 is a trivalent group comprising 
an aliphatic chain that may be branched, an aromatic 
ring that may have a substituting group, an alicyclic 
15 ring that may have a substituting group, or nitrogen; 
A 2 is a tetravalent group comprising an aliphatic chain 
that may be branched, an aromatic ring that may have a 
substituting group, or an alicyclic ring that may have 



a substituting group; B 1 , B 2 and B 3 are, each, a cross- 
linkable structural part; and R 1 , B 1 , B 2 and B 3 can be 
selected independently from each other.)/ 
that the cross-linkable structural part of the first 
5 compound ( s ) contains at least one benzene ring 

structure bonded to a polymerizable group directly or 
via a carbon atom, that the one or more first- compounds 
comprise a* second compound with a cross^linkable 
structural part and substantially without a hydrophobic 

10 long-chain terminal part, that the second compound* . 

comprises at least, one aromatic . ring -and at ' least:, one ^ * 
carbonyl group, respectively, particularly: that at ; 
least one compound selected from the group consisting 
of the compounds represented by formulae (3).to (6) 

15 below is included as the second compound, 



R 2 -(0) k - C-(0) m -A 3 -R 3 -B 4 -(0)- C-(0)-R< . . ; (3) , 
11 11 



o o 



R 2 - A 3 -(0) k - C-^-B 4 - R 4 • • ■ (4) 

11 



R 2 -A 3 -B 4 - R 3 - (O) k - C -(0) m - R 4 ... (5) 

11 
0 
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R 2_ A 3_ R3 __B 4 -(0) k - C-(0)-R 4 ... (6) 

ii 
O 

(in formulae (3) to (6), A 3 and B 4 are, independently 
from each other, a vinylene group or a propenylene 
group; R 3 is a divalent group; R 2 and R 4 are, 
5 independently • from each other, hydrogen, an alky! group 
that may be branched or an aromatic ring that may be 
. substituted ,v at least one of R 2 , R 3 and R 4 . is van- v? . .. . ^ 
aromatic ring; Jk>tm, n and p are, independently .from 
each other;; : 0;. ( zero ) : or 1 ; and R 2 -R 4 , -A 3 ,' B: 4 , r k ; m> ynw 

10 and p can be selected independently firom each other)-} 
that the > second compound comprises a five-member ring 

structure, that the five-member ring structure in the 

second compound is an acid anhydride structure -: or •• an 
imide structure, particularly that at; least one 

15 compound selected from the group consisting of the 

compounds represented by formulae (7 ) -to (:1 0 ) below is 
included as the second compound, v - v :V 



CH 2 = CX-(0) k - C-(0)-(CH 2 ) q -R7-(CH 2 ) r -(0) n -C-(0) p - CY = CH 2 
ii n 



(7) 
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R^(CHP q -CH=CH-(O) ir C-(O)-R 9 -(O)-C-(O)-CH = CH-(CHp-R'0 

O O 

■ • • (9) 



O O 

- ! - . ; > :.;.,| n .-• . . .. :■ ■■. 
C . C 

^ ' ^ " 7 \7\ ' ' 

CH> CX-G- 0 -(GHp q -^N R11 N-(CH 2 ) r -° "9- CY = ^ H 2 r 
* O \ A / * Q • : 



c c 

li ii 

o o 



II ■ " ■ (10) 



(in formulae (7) to.. (10), X and Y are, each 
5 independently , hydrogen or a methyl group; R 7 is a 
divalent organic group having a five-member ring.,-, 
structure; R? and R 10 are hydrogen or an organic group; 
R 9 is a divalent organic group; at least one of R 8 , R 9 
and R 10 has a five-member ring structure; R 11 is a 
10 tetravalent organic group constituting a 

tetracarboxylic acid residue; k, m, n and p are, 
independently from each other, 0 (zero) or 1 ; q and r 
are, independently from each other, an integer not less 
than 0 (zero) and not more than 6; and R 8 -R 10 , k, m, n, 
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p, q and r can be selected independently from each 
other ) , 

that the liquid crystal tilts while the tilting 
direction is regulated by uneven parts or the blank 
5 parts (slits) of an electrode or electrodes when 

voltage is applied, and that the panel does not have an 
alignment control film, etc. - 

According to another aspect of the present ; 
invention, a method for manufacturing a liquid crystal 

10 panel having a liquid crystal layer sandwiched ; between . ; 
a pair of substrates, wherein a resin, compos itdon ^ c /. 

v. comprising -one, or more first compounds^ having ancross:?-:^ 
linkable structural part and a hydrophobic terminal 
part with a straight-chain section having three or more 

15 carbon atoms (hydrophobic, long-chain terminal part) , 

is cross-linked in the presence of a liquid crystal to S 
form the liquid crystal layer so that a cross^linked 
resin in the liquid crystal layer thus formed is made 
...to comprise a cross-rlinked structural part- adhered to 

20 ** the \1 iqu id- v c ry s ta 1^ ?1 ay er - c on t ac t in g o s u r f ace *. (-adhered - r 
cross-linked structural part) and a terminal part ' ■ 
rising from the liquid crystal layer contacting surface 
(rising terminal part) is provided. 

It goes without saying that it is also possible to 

25 apply the preferable aspects of the above-described 

liquid crystal panel according to the present invention 
to this aspect of the present invention, regarding the 
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liquid crystal, hydrophobic, long-chain terminal part, 
adhered, cross-linked structural part, polar-group 
structural part, cross-linking, cross-linkable 
structural part, cross-liked resin, resin composition, 
5 first compound(s), second compound, third compound, 
uneven parts, slits of an electrode or electrodes, 
alignment control film, etc. 

By the present Invention, a liquid crystal can -be 
vertically aligned at no voltage application. even 
10 without 5 help of an alignment control f ilm-. :ln > v . 

particular, . an aliginment control film, forming, step • can -r. 
;i be omit ted <;<in rife he ryert ically . al ignmento^sy s tems^;;: m r>-& 
: represented :by the MVA system. : : r 

• ■ 15 BRIEF DESCRIPTION OF THE DRAWINGS . 

Fig. 1A illustrates a model perspective view : ; 
showing the alignment of a liquid crystal in. a liquid 
crystal panel according to the MVA system; 

Figv .IB .illustrates another model perspective : .c; : 
- ^ 20 view showing -the ^alrignment .of a -*>1 iquid. cxy s t alv ^in x^a^^ 
liquid crystal panel according to the MVA system- 
Fig. 2 is a model plan view showing the alignment 
direction of a liquid crystal in a liquid crystal panel 
according to the MVA system; 
25 Fig. 3A is a model view illustrating the basic 

principle of the present invention; 

Fig. 3B is another model view illustrating the 
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basic principle of the present invention; 

Fig. 4A is a model view illustrating an adhered, 
cross-linked structural part comprising a polar-group 
structural part; 
5 Fig, 4B is another model view illustrating an 

adhered, cross-linked structural part comprising a 
polar-group structural part; 

Fig. 5 is a -flow chart illustrating an outline of; 
a method for manufacturing a liquid crystal display. 
10 .panel.;j' -' V ., ■•: •.. \ .... . :;-\;-,.: • 

Fig . J 6: is ? a .model . s ide view of a liquid crystal^r? . 
■ layer 1 contact irvgHsur f ace;" . ay^.r • * issttt: >• * ^ru:^-;: 

Fig. 7 is a top view of a liquid crystal layer : 
contacting surface; . n 
15 Fig. 8 is a flow chart showing an outline of a 

method for manufacturing a liquid crystal display panel; 
according to the present invention; . 

Fig. 9A is a photomicrograph of a TFT liquid 
crystal panel using crossed nicols; and;-- ; 
-20"* * -Fig if- 9B is ^another * photomicrographs ' o f av TFT ; : sc«m.w 

liquid crystal panel using crossed nicols . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments according to the present invention 
25 will be described with reference to the following 
figures, formulae, examples, etc. It is to be 
understood that these figures, formulae, examples, etc. 
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plus the explanations below are for the purpose of 
illustrating the present invention, and do not limit 
the scope of the present invention. It goes without 
saying that other embodiments should also be included 
5 in the category of the present invention as long as 
they conform to the gist of the present invention; In 
the figures, the same sign indicates the same element. : 
It is to be noted that the "structural part" in this 
specification indicates, when, for example, a polar- 

10 group structural part is referred to, a : . part « having a * 
polar group. In other ;words/ the "structural : part V may-: 
also include chemical structures 4 other than aipolar- \ ; 
group. For example, when a polar group. is COOH, CH 2 COOH 
can be considered a polar-group structural part; This 

15 "structural part" may be located at the end section or 
at an intermediate section of a molecule or cross- re- 
linked material. For example, CH 2 OCO- ; can also be 
included in a polar-group structural part. In contrast 
the "terminal part" means a part constituting the. end \j 

20 section of a * molecule^ or cross ^linked * material* * s > • 

In a liquid crystal panel according: to . the present 
invention, a liquid crystal layer sandwiched between a 
pair of substrates comprises a liquid crystal and a 
cross-linked resin, and this cross-linked resin has a 

25 cross-linked structural part adhered to the liquid 

crystal layer contacting surface (adhered, cross-linked 
structural part) and a terminal part rising from the 
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liquid crystal layer contacting surface (rising 
terminal part). It is considered that this cross- 
linked resin plays a role of regulating the director 
direction of a liquid crystal, whereby a liquid crystal 
5 is aligned in the vertical direction when no voltage is 
applied. 

To be concrete, it is considered that a 
hydrophobic, long-chain terminal part, that will be 
described later is bonded to the adhered, cross-linked 
10 structural part, so as to have a structure, in; which the 
hydrophobic > : long^chain terminal part'; rises; \ f rom" the > i . 
liquid crystal layer contacting surf ace:,..: whereby ^ the; v' 
liquid crystal is aligned in the vertical direction, 

when no voltage is applied. . 

15 This cross-linked resin can be formed by cross- 

linking, in ? the presence of a liquid crystal,' a resin 
composition comprising one or more compounds having a 
cross-linkable structural part and a structural part 
with a certain level of chain, length. :To be ; more J. ^ 
20 concrete*/* it- is? preferable to use, as. -the' above^- : - 
described compound, one or more first compounds having 
a cross-linkable structural part and a hydrophobic 
terminal part with a straight-chain sect ion having 
three or more carbon atoms (hydrophobic, long-chain 
25 terminal part). 

In such a case, it is possible to determine 
whether the adhered, cross-linked structural part is 
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realized or not, by determining, through a surface 
analysis or the like, whether cross-linking adhered 
onto the liquid crystal layer contacting surface exists 
or not when polymerization with cross-linking has 
5 actually occurred. The level of adhesion can be 

determined arbitrarily according to the actual level of 
displaying performance as required for a liquid crystal 
panels .' w ■•■ 

Whether a structure where a structural part. having 

10 a certain level :of . chain length will rise, f romcthe 

liquid crystal ?layer contacting surface is realized <:,- or 
• not / ■ can rbe -^determined-, by whether alignment of - a ^liquid v 
crystal isrshown without an alignment, control film 'when 
a liquid crystal panel is actually prepared. The ... 

15 required level of alignment can.be arbitrarily chosen 
according to the practices . The first 'compound (s ); 
having a hydrophobic, long-chain terminal part often, 
serves for realizing such alignment. 

In the present invention, it is stipulated .that- a 

20^ liquid ^crystal- layer 1 includes - a liquid ' crystals ahdf av^v 
cross-linked resin. However, among constituents of the 
cross-linked resin, the adhered, cross-linked 
structural part is located on the liquid crystal, layer 
contacting surface, and the rising terminal part is 

25 located in the vicinity of the adhered, cross-linked 
structural part. Accordingly, it may sometimes be 
possible to consider that the cross-linked resin forms 
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a layer distinct from the liquid crystal • While the 
cross-linked resin is generally formed on the liquid 
crystal layer contacting surfaces on both sides of the 
liquid crystal layer, it is also possible, in many 
5 cases, to regard the liquid crystal layer as being 
composed of two types of layers: a layer mainly 
comprising a liquid crystal and a layer or layers -made ;\ 
of a cross -linked resin . 

For example, when this cross-linked resin is 
»a ■• v-io formed by .cross-linking,, in the presence of^a .ldqiiid;r^;::N.; 

j > ■ .crystal > ^a ; resin composition comprising^- one . or;: moire ^t> o \ c i..^ 

M r v;^*r*; compounds having -.a cro ss-s linkable structural .part:; and av.';iii- -r'^r-x 

r ::: v~ structural part having a certain level: of . chain length yr.:yr. : ■*.*-.; 

the resin composition is in a state in which it. is: . \ '.'on. % ; r? 
15- uniformly mixed with a liquid crystal prior to, the * , 
±y - cross-linking, whilevi after a cross-linked resina ha*s., 7. I 'yjn 

been formed, a state in which the cross-linked resin ..: » 
and the liquid crystal are mostly separated from each 
other , can .occur. : However, the present .Invention may >; f : _ r: . 
: r; 20 7 'also include ^embodiments, wherein! other : types '"Of -erassr^^!^- 
v linked resins coexist in the<liquid crystal. : 

Here, the above-described first compound(s) is not 
limited to the case in which one molecule has both a 
cross-linkable structural part and a hydrophobic, long- 
25 chain terminal part, but may also be a mixture of a 

compound having a cross-linkable structural part and a 
compound having a hydrophobic, long-chain terminal part. 
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It is preferable that the adhered, cross-linked 
structural part has a polar-group structural part, 
since the adhered, cross-linked structural part sticks 
to the liquid crystal layer contacting surface more 
5 strongly when a polar-group structural part is present. 
The term "polar-group structural part" for the cross-. 1 
linked resin is used in the same meaning as for the 
above-described first compound ( s ) . The detail will be 
explained later. j - 

10- ■ As; .avcross-linkable structural part ■> exemplified • • 

is a structural opart having a photoreactable ; /group : that. 
.has 1 ' -a ^polymerizable double <bond such 1 as:* am; aery 1'ate/;.: ■ 
group, a methacrylate group, a vinyl: group and; an ; allyl. 
.. group, and that is >. polymerizable with;, other, molecules v. 

15 by an active energy ray such as UV radiation. .When the 
'. cross-linkable structural part of the first 'compound (s) 
has two or more polymerizable double -bonds in a . ... '. v, 
molecule, the reactivity will be enhanced and a 
network-structure: polymer film can be f ormed: f rom^ a : ; 

20 - s ingle ^compound )■ \ so -that > a -cros 1 inkedos t ructur e^ is-***- 
easily formed. Accordingly, this is preferable, . A case 
in which one compound has polymerizable double bonds at 
two or more end sections of one molecule or in the 
vicinity can be exemplified. However, the requirement 

25 for a first compound(s) is satisfied if the whole of 
the "one or more first compounds" has a cross-linkable 
structural part, and accordingly, compounds containing 
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a compound having one polymerizable double bond in a 
molecule that can only extend the polymeric chain and 
lacks an ability of its own to cross-link, can also be 
included in the category of the "one or more first 
5 compounds having a cross-linkable structural part", for 
example. 

As a cross-linkable structural part according to 
the present invention, one that is cross^linkable- with 
an active energy ray is preferable, since the cross- 
..■10 linked structure is easily realized . Accordingly ; 

explanation is mainly made to a structure * having a;, 
- photof unctionalr group. :■ * However/ it goes ^ -.without- saying 
that those "that can: be cross-linked* by the other ; kinds 
of energy such as the other types of; actdvey energy rays 

15 and heat, can also .be included in the category of the 
present invention. They may be used together. v : 

The hydrophobic, long-chain terminal part plays, a 
role of aligning a liquid crystal uniformly in the 
longitudinal direction of the hydrophobic ,; long-chain ; i 

20 : terminal ^part ; r -When -it has a s tr a ight :i c ha im ect ion^ - - 
having three or more carbon atoms, the role will be 
more evident. More preferably, the hydrophobic, long- 
chain terminal part has an alkyl or alkoxy group with 
6-18 carbons. Still more preferably, it has an alkyl 

25 or alkoxy group with 12-18 carbons. The term 

"hydrophilic" means a state in which there are no polar 
groups or similar groups, or chemically a state on the 
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level of "not hydrophilic" . 

The liquid crystal layer contacting surface such 
as a substrate surface is usually subjected to a UV 
treatment or the like to give hydrophilic properties, 
5 The hydrophobic properties are required so as to 

prevent the hydrophobic, long-chain terminal part from 
sticking to the hydrophilic liquid crystal . layer: 
1 contacting surface; and accordingly , -to make j easy the 

hydrophobic, long-chain terminal . part .rise from the 
10 liquid :.crystal;~/layer i.:Contacting .surface. . ^Typically v ;v^i_ 
- >w ■ r.s . the hydrophobic /^long-chain terminal" part ■ isppref ierably ^ 
c .tJ vio. y.' ' composed of earbonviahd. hydrogen. ; ^m.; ^ - ri ^n7*ttcc\\^z* 

When the cross>linkable structural part of: the::: 
: \ « first compound (s ) comprises a polar-group structural -± ■■■ 
15 part, adhesion of the adhered, cros s-r linked: structural . 
part to the liquid " crystal layer contacting, surf aceris :* 
: . easy and better alignment of. a liquid; crystal is i :. 

realized. To achieve the purpose, there is no 
>^.t - ■ particular limitation -to :the ; type of : the polar;- group-: ^ y 
.. - 20 and the number -*o>f*4 the ^polar group per^ molecules rl*t e is ^ 
also important for the cross-linked resin : after the 
cross-linking of the resin composition not to emit 
impurity ions into the liquid crystal so that the 
reliability of the liquid crystal panel is maintained. 
25 For this purpose, it is preferable that the polar-group 
structural part in the cross-linkable structural part 
of the first compound(s) does not generate impurity 
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ions. Therefore, in many cases, it is preferable to 
avoid those having functional groups such as an -SiCl 3 
group that tend to generate CI ions. As a preferable 
polar group, CN, CO, COOH, COOR, OH and OR are 
5 enumerated. It is to be noted that R means an organic 
group, here. 

This liquid crystal panel can be manufactured as ; 
- follows, for example. First, two substrates on which ! : 
- alignment control films have not been; applied are v 
vov 10 ; prepared . A liquid; crystal \ layer comprising, f or L^: ^. v o 
vc r: example, * a t UV--curable$ compound with/ a structural < part>: 

having a photoreactive group and a hydrophobic,; long«. 
t" v. ;* :.: * chain terminal; part; as well as a liquid crystal: is,; v.:: 
> • sandwiched between .them, and then, UV. euringJ is: .„ v , i* 
15 performed to form on the substrate surf aces j an adhered, 
" cross-linked structural part ' bonded too a* hydrophobic; ix* 
long-chain terminal part . — r n . :,.r i - 

Figs. 3A and 3B illustrate the basic principle of 
the present invention . Immediately af ter the ; ; ; v , v, .u 
r-H- - ^ 20 introduction* of an- uncured liquid crystal'V composition 
comprising, a' liquid crystal and a resin composition, a 
first compound(s) 5 having a cross-linkable structural 
part 31 and a hydrophobic, long-chain terminal part 32, 
and a liquid crystal 1 are in the horizontally aligned 
25 state along the liquid crystal layer contacting surface 
8, as shown in Fig. 3A. Nothing is formed on the 
surface of the liquid crystal layer contacting surface 
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8, 

Here, it is to be noted that the "liquid crystal 
layer contacting surface" according to the present, 
invention does not necessarily mean the surface of a 
5 simple substrate.. It means the surface of a layer that 
the liquid crystal layer actually contacts. For • 
example, when a .substrate and , a liquid: crystal layer :-. - 
*< • -* are laminated with a -f ilter layer in between>r and . the >i : 

liquid crystal layer actually contacts the surface of . 
. 10 the filter./, but not .the surface iof the substrate;/;: the; .j?iv.:- 
? ,? l'iqu id - cry stale lay er cont act ing *s ur face go according ! vtov ; . 
; -v .the* present -invention means the surf ace^ o;f .^the f-Ht.er ?<t'i;uz& 
that the: liquidrcrystal contacts . If the "surface ::of; : r ; 
the f ilter has ; been sub j ected to a . treatment :tb give :. u< > 
* 15 hydrophilicity; . the treated surface, is the liquid - 

crystal layer contact ing surf ace . ^ ^ f t. ^ < - ^-^v: 

It was found that when UV irradiation for example-., 
was performed in this state, as shown in Fig. 3B, 
cross-linkable, ^structural parts 3 1 are cross ^linked i u-.-^j . 
20 • wit hr one ^anoct her< ^to:: f orm^ an adhered, cross- Mivked^^c^v^^^v^ 
structural part;. 33 , hydrophobic , long-chain terminal : 
parts 32 have a configuration of rising from the liquid 
crystal layer contacting surface 8 to form rising 
terminal parts 34. 
25 Figs. 6 and 7 are model views further illustrating 

this state. Fig. 6 is a model side view of a liquid 
crystal layer contacting surface, and Fig. 7 is a top 
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view. Fig. 6 shows a state in which the adhered , 
cross-linked structural part 33 adheres to the liquid 
crystal layer contacting surface 8, and the rising . 
terminal parts 34 are rising. Fig. 7 shows a state in 
5 which the adhered, cross-linked structural part 33 

forms an intertwined network structure that is adhered 
to the liquid crystal layer contacting surface 8.. v. 

It can be easily confirmed that the. adhered; ' 
cross-linked structural part 33 actually adheres rto :. the: .... . 
10 - liquid- .crystal layer, contacting ^surface,.;' by; takings outr 
"•■ the. liquid rcxysta-l* dayer: contacting: surface >^ 'performing^v. c r: ^ 
s cleaning ; :or the>iike:> ;:a'nd then , analy z inga the- suiface'^ > n: 
.. Furthermore, it can be easily conf irmed that . the: risings . 
terminal parts : 3 4; are actually risings by. the: f act :l thatv.. a . ;i 
15 the liquid .crystal..l ; shows vertical .alignment... >-.. ^ ..j 

Accordingly; it . is possible to align; the : liquid crystal- : ^ : - 1 . 
1. vertically when no; voltage is applied. \ / . . . 

In the alignment by this constitution, it cab be 
v : considered' that distinctly different, from the V .j,^^.ic^v 
20' -conventional v^ so^cailiedv polymer vdisper&ionvO>iqui 00.1 
crystal (PDLC)/ a polymer for making the alignment of ■:•■: 
the liquid crystal possible, is not formed all over the. 
liquid crystal layer, and the alignment is controlled 
by the cooperative actions of the thin-film, adhered, 
25 cross-linked structural part 33 formed on the liquid 
crystal layer contacting surface, and the rising 
terminal parts 34. It is to be noted that usually, 
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both of the two liquid crystal layer contacting 
surfaces have thin-film, adhered, cross-linked 
structural parts 33. 

To be concrete, it is preferable that the first 
5 compound(s) for use in the present invention . comprises . 
at least one. compound represented by the above- 
described formula (1) or (2). In the formulae (1) and 1 
(2), R* is a hydrophobic; long-chain terminal part ;- A 1 " ^ - 
is a trivalent group comprising an. aliphatic chain that 
10 may be branched, ; ani.aromatic . ring that may: have va. . ;; 
■s substituting: group, an aiicyclic ring* that,: may have/?a, ^ ; 

rsubst itut ing :grqup , or. nitrogen ; A 2 :.is ^a t et ray a lent i . v*: 

group comprising an aliphatic chain that may:, be: . ;,r **. r z r. 
branched, an, aromatic ring that may: have •>! a .1 substituting . .v i.-.-j 
15 group, .or an aiicyclic ring that may „ have a . , ? ■ 

substituting group; v,B ; <, B 2 and B 3 are,; each >L a cross-, : ,j :\ 
linkable structural part; and R 1 , b\,>. iB 2 .and B 3 can; be < 
selected independently, in the formulae as well as in 
the other formulae v: /■ r 

■ '^20 ■ v j * As a- [compound represented by f ormutar.|l^}^^^^v./, . * 
materials having the structures represented by formulae 
.(11)- (13) below are exemplified. ■< . 




OCOCH = CH 2 



C 12 H 25 ~ N 




■ 



do 



OCOCH = CH 2 
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OCOCH = CH 2 
C 12 H 25 --CH . • - (12) 

OCOCH = CH 2 




OQOCH = CH 2 

C 12 H 25 J) ' V - (10) 

:.--„ ; OCOCH = CH 2 , .,. 

As a compound represented by formula; (2)/ " : ; 

materials having thei structures represented • by formulae: 
(14) and (15) below are exemplified. ■ 

OCOCH =CH 2 

C 12 H 2 g- C— OCOCH =CH 2 ......... (14) 

I > 

- --V OCO-GH = CH 2 VW^: 
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OCOCH = CH 2 

OCOCH = CH 2 
OCOCH = CH 2 



(15) 



Taking compounds represented by formulae ( 1) , (2 ) , 



and (11)-(15) for example, explanations^ will be made on 
the cross-linkable structural part, adhered, cross-- * 



hydrophobic , long-chain terminal part' ;an^ polar-group n 
structural part as : described heretofore. : B 1 :, B 2 : and B 3 .: 
are cross-linkable structural parts and have an /ability 
to form an adhered, cross-linked structural part,. R 1 

10 forms a rising terminal part or ^hydrophobic , long-chain 
terminal part, and the OCO (or COO) bond forms a polar- 
group structural part. 

Furthermore, as a compound in which; the- cross- 
linkable structural part includes a polar—group ,>.-.: r ? .-v. * 

15 structural part, materials having structures 

represented by formulae (16) and (17) below are. 
exemplified. In such a case, COOH or the like forms a 
polar-group structural part. 



5 linked structural part, rising terminal part, : ^ 
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OCOCH = CH 2 

C 12 H 25~ C | H ' • ' (16) 

CH = CHCOOH 

CH = CHCppH 

C 12 H2 5 - CH -:. .H.;; :(17) 

CH = GHCOOH ^r-^-^v- 

\. It. is pref erable: that the cross-linkable ; ; : ":; .r . 
: structural, part vof :vthe first c ompound:( s.) .ha s.:, a : benzene: 
5 ring .introduced in the vicinity of a: polymerizable 

group usueh: as a polymerizable double bond, j in order ; to 
facilitate the reaction of the first compound (s.) with, 
ultraviolet rays or the like. To be more specific, it 
. is desirable that": it has at least one benzene- ring/:. \ 
structure ^bonded <* to ra polymer i z abl e ? group;: direc t ly^ or^ 
via a carbon atom. A benzene ring has a 
photosensitizing action. It also serves to improve the 
alignment properties. Furthermore, materials excellent 
in solubility in a liquid crystal can be easily 
obtained owing to the enhanced similarity of the 
structure to the structure of the liquid crystal. 
Materials having structures represented by formulae 
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(18) and (19) below exemplify such a material. 



CH = CHCOOH 



C 12 H 
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(18) 



CH = CHCOOH 



CH = CHCOOH 

C 12 H 25 H y^\^^ ; \: - ' . (19) 

CH = CH-COOH 

In. the above:,: combination of an alkyi chain /and a 
5_ carboxylic: acid group: is- shown as a hydrophobic^ .long-u 
chain terminal .part .and. polar-group, structural., part .... .. 

However, it ;is;:to be noted that the present invention 
is not; limited .tc this > and it goes without saying , that 
other chemical structures can also be employed, 
■« .10" Here, the present invention; is explained in. l: : ; 

' - v:- 5 relation' wittew; case^in^which a n ^ ad heried yi^er o s s^lirvked^i 
structural part has a polar-group structural part. A 
cross-rlinked resin is conventionally known that forms a 
state in which polar-group structural parts 41 or parts 
15 in a material having a high polarity are adsorbed onto 
the liquid crystal layer contacting surface 8, and 
hydrophobic, long-chain terminal parts 32 are aligned 
as rising in the vertical direction to the liquid 
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crystal layer contacting surface 8 as shown in Fig. 4A. 
In this stage, it is possible to align the liquid 
crystal in the direction vertical to the substrate 
surface. However, this state is thermally unstable, 
5 and the dissociation from the liquid crystal layer 
contacting surface tends to occur. 

As a result of investigations, it was found that 
the dissociation from the liquid crystal layer 
contacting surface can be effectively prevented and the 

10 thermal stability can be improved by .making the adhered , 
cross-linked structural part 33 in Fig. - 3B; have -a v. w.: 
polar-group structural part. In this, .case /.there : is : no \ 
particular limitation to the locational: relationship " 
regarding where ->the adhered, cross-linked: structural •< 

15 part 33 and the polar-group structural part are located, 
and an appropriate material can be determined , taking 
into consideration the ease of material procurement, 
dissociation prevention from the liquid crystal layer 
contacting surf ace, .etc . In a typical example, as -:.r._ 
- 20 vl shown -in- Fig^4By*' when- a structure is ^realized -\ in, which^r 
the cross-linked structural part 42 of the adhered/ 
cross-linked structural part 33 is sandwiched: by the 
hydrophobic, long-chain terminal part 32 and the polar- 
group structural part 41, the cross-linked structural 

25 part 42 of the adhered, cross-linked structural part 33 
is probably formed as a film (thin film), so that a 
stabler function to control the alignment is realized. 
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When such a structure is realized, a stable 
control of alignment of a liquid crystal on the same 
level as the one for which an alignment control film is 
employed, is made possible, without treatments such as 
5 printing of an alignment control film which has been 
conventionally used for aligning a liquid 1 crystal . 

The first compound(s) having the structure 
described above may be used not only singly, but also 
as a mixture of a> plural number of compounds . : v Other : 

10 materials; such as a , cross-linking agent;, ^catalyst and i 
:. reaction accelerator may be used together.;;. ^ .<:>.w~ 
v-,v There arev cases •■±ri: which it is pref erable^.that :-the 

one or more first compounds include a second compound: .-. 
with a .cross-linkable .structural part 'and substantially > 

15 without a hydrophobic, long-chain terminal part. For : 
example, by having ;a second compound together; that haso 
only a cross-linkable structural part with a -plurality 
of polymerizable groups in a molecule and does not have 
a hydrophobic /. long-chain terminal part ; rit -: is possible 

20' to ? realize 1 a -state ^in ^which the .mutual-; dist-ances^ ^ 
between the rising terminal parts rising from the 
adhered, cross-linked structural part that is adhered 
to the liquid crystal layer contacting surface are made 
wider, and accordingly, to improve the vertical 

25 alignment of the liquid crystal. In particular, 

widening of the mutual distances is useful when an 
alkyl group is used for the rising terminal part, 
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because alkyl groups tend to be adsorbed by each other. 
A plural number of second compounds may be used. 

Whether it does not have hydrophobic, long-chain 
terminal parts substantially, can be. appropriately 
5 determined by seeing whether the mutual distances 

between the rising terminal parts can be widened, and 
accordingly, the vertical alignment of the . liquid * 
crystal is enhanced or the like. A simple group: such 
as a methyl group and an ethyl group is not -regarded- as 
10 a : hydrophobic;,, long^chain terminal part; * in general:: 

Furthermore^ it is possible to have: others -agents ■ 
such as an ion strapping agent .that plays ^ a roleoofv.v^;?i- 
increasing the : reliability together , or;, to make: the : : : ; : 
first .compound ( s ) : j according to the present invention ,j , : 
15 have this role. Jn. this way, the choice range for the 
f irst compound( s ) ;can be greatly widened y^::u ■ 

It is preferable for the second compound to have 
at least one aromatic ring and at least one carbonyl 
group, respectively^; In this way, adhesion to the v. ;^ 
20* * liquid crystal^layer contacting ■ surf ace* -become is^ .t.frv&x*- 
-.stronger. 

Compounds represented by the above-described 
formulae (3)-(6) exemplify such a second compound. In 
formulae (3)-(6), A 3 and B 4 are, independently from each 
25 other, a vinylene group or a propenylene group; R 3 is a 
divalent group; R 2 and R 4 are, independently from each 
other, hydrogen, an alkyl group that may be branched or 
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an aromatic ring that may be substituted; at least one 
of R 2 , R 3 and R 4 is an aromatic ring; k, m, n and p are, 
independently from each other , 0 (zero) or 1 ; and R 2 -R 4 , 
A 3 , B 4 , k, m, n and p can be selected independently from 
each other , in the formulae as well as in the other 
formulae. 

Here, the divalent group (R 3 ) described above ^is, 
for example,. a methylene group, a 1 > 4- phenyl ene group; 
a 4 , 4 1 -biphenylene group or the like. Those shown 
below are the . examples ;,v - •";■> : * / 



-CHr._ CH2CH2; 



CH2CH2CH2CH2- 



i i- 



o>-GH a -co 




Examples of compounds represented by formulae ( 3 )- 
(6) are shown below. 




Opoe0-CH=eH^QpCH=CH-coo - 





((5)— COO-CH=CH — (O)— CH=CHOCQ —((5} 
CH30COCH=CHCH 2 — (OV~ CHsCH=CH-COOCHa 



Ci2H 2 60CO-CH=CH — ((3)— CH=CH-COOCi2H 2 6 
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=CH-COO-CH=CH 2 



<g>-CH=( 
<0>-CH=( 
<g>-CH=( 

^O)— ch=ch-ococh=ch — (o) 

((5)— ^5)~ cH=cH : cQocH=cHa 



=CHCOO-CH 2 CH=CH 2 



= CH- COOCH = CHC12H26 



^O/T- CH = CH-CH =fCH>-t-^0/~~ COOCHa 



\0/— CH = CH-CH = CH —{Of— OCO — \Q) ' 
^Q^— CH = CH-CH = CH — ^O)— {P)~ CO ° CHa 



CH=CH— (Q)— CH=CHCOOCH 3 
CH=CH — ^O)— CH=CHOCO — ^Q) 



CH=CH 




CH=CH-COOCH 3 
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It is also preferable that the second compound has 
a five-member ring structure. As a five-member ring 
structure, cyclopentane, cyclopentene, . cyclopentadiene , 
furan, pyrrole, indene, an acid anhydride structure 
5 such as succinic anhydride, maleic anhydride and 

phthalic anhydride, and an imide structure such as . 
succinimide, maleimide and phthalimide , are; enumerated . 
To be concrete, those shown below are examples of the 
compounds having the above-described structures . It is 

10 to be noted that the locations of substituting groups 
are not limited to those exemplified be-low. 1 Ui ; i. 

As a second compound, compounds represented- by the; 
above-described formulae ( 7 ) - ( 10 ) are exemplified. In 
formulae (7) 7 (10), X and Y are, each ■-.> independently:, * ; 

15 hydrogen or a methyl group; R 7 is a .divalent organic : 
group having a f ive-member ring structure; R 8 and R 10 ; 
are hydrogen or an organic group; R 9 is a divalent 
organic group; at least one of R 8 , R 9 and R 10 has a 
five-member ring structure; R 11 is a tetravaient organic 

20 group constituting a tetracarboxylic acid: residue; -k, m 
n, and p are, independently from each other, 0 (zero) 
or 1; q and r are, independently from each other, an 
integer not less than 0 (zero) and not more than 6; and 
R 8 -R 10 , k, m, n, p, q and r can be selected 

25 independently from each other, in the formulae as well 
as in the other formulae. 

Examples of the compounds represented by formulae 
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)-(10) are shown below. 



CH 2 =CHCOO ~^^\ 
CH 2 =CHCOO 



CH 2 =CHOCO -y^yA 
CH 2 =CHOCO 



CH 2 =GHCOO(CH 2 ) 2 ' 
CH 2 =CHCOb(CH 2 ) 2 : 



CH 2 =CHCOO.(CH 2 ) 2 . 



CH 2 =CHCOO 
CH 2 =CHCOO 

CH 2 =CHCOO 
CH 2 =CHCOO 





NH 



CH 2 =C(CH 3 )eOO 



CH 2 =C(CH 3 )COO - . 



N— (CH 2 ) 2 OCOCH= CH 2 



CHaOCOCH=CII 
CH 3 OCOCH=CH 



CH 3 OCOCH=CH 
CH 3 6C00H=CH 




o 




N(CH 2 ) 2 OCOCH=CH(CH 2 ) 6 CH=CHCOO(CH 2 ) 2 -N 



O 
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o 



CH 3 CH=CHCOO CH 3 CH=CHCOO 
CHaCH=CHCOO CH 3 CH=CHCOO 




O 



C6HbCH=CHC00 
CeH 6 CH=CHCOO 




O 



O: 




N-(CH2)2CH=CHO.CO-(CH 2 )6-COOCH=CH(CH2)2 N " 




O 



O. 



CH 2 =CHCOO(CH2) 2 -N 



CH 2 =C(CH 3 )COO(CH 2 )rN 




N-(CH 2 ) 2 OCOCH=CH 2 ;; '< ;■> M< 



N-(CH2)20COC(CH 3 )=CH 2 



O . O o 



. O . . O 



CH 2 =CHCOO(CH2)2N 



o o 



N(CH 2 ) 2 OCOCH=CH 2 



O 



O 



CH2=CHCOO(CH2)2-N 




N(CH2) 2 OCOCH=CH2 



0 



O 
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When compounds represented by formulae (3)-(10) 
are used, they react with less energy due to the 
resonance stabilization. That is, they are more easily 
reactable, compared with compounds without an aromatic 
5 ring, a carbonyl group or a five-member ring. In 
addition, the amount of an added polymerization' 
initiator can be reduced by virtue of i this . This : : 
reduction can lead to improved reliability: of ' the! r ^ 
liquid crystal panel. For example, if: : a -large s amount ^ 

10 of an added polymerization initiator: is.: applied; i there i 
will be more chance of generating reaction by-products 
with smaller molecular weights. Accordingly ; ,* a smaller 
amount of an added polymerization initiator 1 is \ ~: 
I desirable J ' *" J:.?s a •■: h;::.;.? „ * * w ' ; 

15 As the second compound has^a cross-linkable o . 

structural part and substantially lacks: an hydrophobic ; 
long-chain terminal part, it is preferable to use \ a n l 
third compound having one polymerizable group as well 
as a hydrophobic, long-chain terminal part • together, J > 

20 with the second compound. This is because- ^the^ *t coru> 
hydrophobic, long-chain terminal part can constitute ; 
rising terminal parts. A plurality of the third : 
compounds may be used. 

As the third compound, the following compound can 

25 be used, for example. 

CH 2 =CHCOOC 12 H 2 a 
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When those having such a long-chain alkyl group 
are used, the alkyl group parts extend from the plane 
of the adhered/ cross-linked network-structure part,, 
and accordingly, the liquid crystal indicates vertical 
5 alignment . Therefore, using a compound represented by 
formula ( 3 ) , ( 4 ) , ( 5 ) , ( 6 ) , ( 7 ) , ( 8 ) , ( 9 ) or (10) for mixing, 
using a liquid crystal having a negative dielectric v • 
constant anisotropy as the liquid crystal/ for example, 
and irradiating: with: UV rays as an energy source, ; a i : 

10 liquid .cry s*t al- panel with vertical alignmenty;cani ben ^ i . ...nr,- 
manufactured" without applying an alignment: \ control. Vf ilm . u • , : > 
In' such .'a^^caste/7rit? ;isv possible to- make ■th , e^iiqu?id-;:"^. v * ^ ; 
crystal tilt- towards:, a specific directiony if v.the: v v; ' : ."il- 
liquid crystal is made to tilt while: the tdltingl --.j. t.uu 1 :: o 

15 direction is .regulated by means ;of uneven-parts formed. 
on the' substrate or J slits of an electrode or ; electrodes^ ■ 
when voltage is applied. * -iu^i w • I •.-■o- :, ,< 

It is to be noted that since the affinity between 
alkyl groups is; larger regarding alia, the compounds ::;^ ; ■■::-c*o 

20> . des cr ibed-aboveyri it^is desirable 'in ^many- cases xiin^ which -s*.5 
the hydrophobic^ long-chain terminal. part has: an alkyl i 
group, that the cross-linkable structural part does not 
have an alkylene structure, or has a short alkylene 
group, if any, in order not to hinder the rising of the 

25 hydrophobic, long-chain terminal part. Accordingly, in 
such a case, consideration from this viewpoint must be 
often taken, regarding R 3 in formulae (3)-(6) and the 
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length of CH 2 units in formulae (7)-(10). 

There is no particular limitation to a liquid 
crystal according to the present invention, and known 
liquid crystals can.be used. For example, MLC-6608 
made by Merck & Co., Inc. can be used. 

In a method for manufacturing a liquid crystal 
panel according to the present invention, a resin 
composition - comprising one or more first compounds :, 
having a cross Tlin-kab-le structural part, and a. 
hydrophobic , ? long-rchain terminal part. * sandwiched: v^. : 
between a 1 pair, .of substrates is. cross -r linked in the' r. .- 
presence of -, a 'liquid-^ crystal to formr the- liquid \ crystal 
layer, so : that the cross-linked resin has an adhered; : : 
cross-linked /.structural part and hydrophobic:, long- . 
chain terminal parts, in the liquid crystal layer, thus. . 
formed. It is pref erable to have a i structure in. which . r 
the hydrophobic, long-chain terminal parts rise from 
the liquid crystal layer contacting surface. 

Fig. 8 illustrates a method for manufacturing a 
l iquid -crystal' panels according 'to - t he .present * invention 
From the top of Fig. 8 to the bottom, firsts two 
substrates 2 without alignment control films thereon 
are prepared according to step S81, they are bonded 
together according to step S82, an uncured liquid 
crystal composition 9 comprising a liquid crystal and a 
resin composition is then introduced according to step 
S83, and UV rays are irradiated to form a liquid 
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crystal display panel with a liquid crystal layer 10 
comprising the liquid crystal and a cross-linked resin 
according to step S84. The liquid crystal layer 10 is 
sealed with substrates 2 and a sealant 7. For the 
5 introduction of the liquid crystal composition, a 
titration method contributes more than a vacuum 
introduction method to the simplification of the » 
processes and the cost decrease. Also, compared with 
the vacuum . introduction process, more 'versatile 
' -10 selection of liquid crystals is possible^ leading to. 
: .. improved vertical alignment . . w^.;.-. -v.: ■:•..«' -v^a 

<s*x&± In order -to make the cross -linked resin- have:an-:^ 

-r adhered, cross-linked structural part and hydrophobic, 
long-chain terminal parts, and to have : a structure: in. 
15 which the hydrophobic, long-chain terminal parts rise 

from the liquid crystal layer contacting surface in the- 
formed liquid crystal layer, it is possible to ' 
appropriately choose a liquid crystal, one or more 
first compounds having a cross-linkable structural . . part 
'W/.vVrv :20 r -' ' % and : ia hydrophobic /^long-chain - terminal part; •'.^••.••r^.i'.v'^vv 
combinations with other coexisting materials, 
concentration thereof , cross-linking reaction ■ 4 -. 

temperature, cross-linking means, the intensity of 
energy to be given, etc. The rate of the resin 
25 composition in the liquid crystal layer, that is, the 
concentration of the resin composition in the uncured 
liquid crystal composition comprising the resin 
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composition and the liquid crystal , is preferably 0.1- 
10% by weight. The amount of the hydrophobic, long- 
chain terminal part is preferably in the range of from 
50 to 95 moles, based on 100 moles of the first 
5 compound(s). In this way, an appropriate ratio of an 
adhered, cross-linked structural part ; to rising 
terminal parts can be realized. It is :to be noted that 
the range of from 50 to 95 moles of the hydrophobic > m 
long-chain terminal; part based on 100. moles of the = v:; . 

10 first .compound ( s). means that the gratia- :±sx 5 0^9 5c units u-x. 
• . of the hydrophobic v long-chain terminal\;part*; based , on- 
10 0 molecules of :the ^mixture', when the f .irstr, \- - r .; r r* 
compound:( s ): is: a mixture of a compound; having, al cross-;. 
. linkable ; structural part and a compbunda having- a un'c,; 

15 hydrophobic, long-chain terminal part as : described. 
above ; -. . ".v ,;\ v ... -*.-;= :.: . • . , - , 

It goes without saying that it is also possible to 
apply the aspects of the above-described liquid crystal 
. panel- according- to. the: present invention to- the method v 

20 * -for •manu'facuringr'a-. liquid crystal panelr according ^:vto^ 
the present invention, regarding the liquid crystal > ^ 
hydrophobic^ long^chain terminal part, adhered, crossr 
linked structural part, polar-group structural part, 
cross-linking, cross-linkable structural part, cross- 

25 liked resin, resin composition, first compound(s), 

second compound, third compound, uneven parts, slits of 
an electrode or electrodes, alignment control film, etc 
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A liquid crystal panel according to the present 
invention can align the liquid crystal vertically 
without an alignment control film when no voltage is 
applied. However, it is also acceptable to install an 
5 alignment control film. 

By a method for manufacturing a liquid crystal 
panel according to the present invention, simplified; * 
facilities and simplif ied processes, are realized- •? by • 
virtue, of. disuse of a printing machine for forming an . 
10 alignment .control film , baking furnace, - etc:; ,cln '.this::- 
. way, a lot> of; advantages:^ including improved; <qual it lesui 
v : of a liquid 1 ^crystai: panel , improved:? y ieldy^lbw vcoistv^Ti 

etc . are reaiized:. :::,In addition, requirement to : ; . ; 
super j umbo iz a t io n of .mother glass f or /substrates;, of r 
15 liquid crystal panels can be easily met. 

The present invention is particularly ? useful > when/: 
■■ applied to a liquid crystal panel in. which the liquid . 
crystal has an negative dielectric constant anisotropy, 
is almost ;vertically. aligned when no voltage vis -applied, 
20 7 and^ is- tilted while: the^ tilting /direction- is 1 regulated :*:,> 
by uneven parts formed on the substrate or slits of an 
electrode or electrodes, when voltage is applied. 

A liquid crystal panel according to the present 
invention can be utilized for a liquid crystal display 
25 apparatus, most typically, such as a display apparatus 
for a personal computer and a television receiver, by 
attaching drive units, etc. It goes without saying 
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that the liquid crystal panel can be utilized for any 
other applications where the function to control the 
• manner of light transmission by means of a liquid 

crystal is needed. For example, liquid crystal 
5 shutters, liquid crystal projectors and liquid crystal 
viewfinders aire enumerated. ; - • r. , , , 

7- • EXAMPLES . r> < : i .-' *r--.*r : 

Examples and comparative examples for the present 
: J 10 invention follow below, t ... - tl on i^w .:.v^.:xi^v 

: EXAMPLE U :: , \ . :vUv^-,; : i .•: .. ■■ • 

v . . ? v .:Twor. ! glass -isubs^rates .with ITO ( indiums tdht.oxide :) *;itv: c . 

thereon as; electrodes were bonded together without 
;. forming an alignment, control film to form ; an :■ evaluation . : " 
15 cell having a cell . thickness of 4 . 25 \im. The jSurf ace 
iT-r- of the .evaluation . cell thus prepared: was v irradiated* ; v 

with UV rays/at ,1,500 mJ/cm? for a treatment to make., 
the cell surface hydrophilic. 
v-:ii--:\:: - » Next/ a monomer -represented by formula. (-20) ^below: 

^ ?-.20 ' was : manuf actured;. ^To^l00>rparts by weight ?:©*f : w^liqu id 
crystal (liquid crystal A) made by Merck & Co., Inc. 
and having a negative dielectric constant anisotropy, 
0.5 parts by weight of this monomer and 0 . 1 . part by 
weight of Irg. 651 (Irgacure 651 made by Ciba Specialty 
25 Chemicals) were added. The mixture was introduced into 
the evaluation cell followed by sealing. R 51 part of 
formula (20) was an alkyl group. Here, C12H25 was used. 
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The monomer represented by formula (20) corresponds to 



the first compound(s) having a cross-linkable 



structural part and a hydrophobic, long-chain terminal 



part. 



CH 



CH COOH 



« s, -mDHO 




(20) 



CH 



CH COOH 



10 



The alignment state of the evaluation, cell c c\ 
immediately after this was * observed.v'v.when i no - voltage ;* ; :>i>r* 
was applied/ mobile alignment was seen , showing ; a.* state", 
where horizontal: alignment and .vertical : alignment were, ;-, ... ... 

existing together. 

After that/ the evaluation cell was annealed at 
90°C for half an hour for the purpose of erasing the 
mobile alignment, etc., cooled, irradiated with 

nonpolarized UV: rays : at 300 mJ/cm 2 to cross-link the . ; . ; ; 

monomer , the / alignment' was observed v^When ^no a*? ■. vv^r.^- - • ^ v -o 

voltage was applied, completely vertical alignment was 
provided all over the evaluation cell. 
COMPARATIVE EXAMPLE 1 

The same experiment as for EXAMPLE 1 was conducted 
except that instead of the monomer represented by 
formula (20), lauryl acrylate, CH2=CHCOOCi 2 H 2 5 was used 
in the same amount. 



As a result, almost no change in alignment was 
observed before and after the UV irradiation, and no 
good vertical alignment was obtained when no voltage 
was applied. 

5 Next, to 100 parts by weight of the liquid crystal, 

1.5 parts by weight of the monomer and 0.1 part by 
weight of Irg. 651 as a polymerization ; initiator were 
added, and UV irradiation was performed. However, it 
was not possible to obtain vertical alignment-, all. over 

10 the cell when no voltage was applied.-^ 

. EXAMPLE c2 . \ r • :, , . »;X;^--^-. : >■,-.>.. ■ 

The fsame^ experiment as for EXAMPLE 1 ,was^conducted> -.y 
except that instead: of the monomer represented by. . 
formula (20):, lauryl acrylate, CH 2 =CHCOOCi 2 H 2 5 was used 

15 in the same amount, and a second compound represented 
by formula (21) with a cross-linkable structural part 
and without a hydrophobic, long-chain terminal part in-, 
an amount of 0.15 parts by weight based on 100 parts by 
. weight of the liquid crystal were used.,; m this: case/... ' 

20- it is possible; to. consider that lauryl^ acrylate had -the 
hydrophobic, long-chain terminal part. 

HOOC — HC=CH — — HC=CH — COOH (21) 

As a result, when no voltage was applied, 
vertical alignment was realized all over the cell. 
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However/ as a result of a microscopic observation using 
crossed nicols of a TFT liquid crystal panel having an 
MVA structure shown in Figs, 1 and 2 to which this . 
example was applied, white line defects (parts where 
5 the alignment was insufficient) as shown in Fig. 9A 

were found. These white line defects^ can be, a cause to 
give a coarse image. Such defects could be prevented . 
by regulating :the- amount of the compound -represented by v ' 
formula (2 1 and a display surf ace without • defects ' \ as * ^ 
10 shown in Fig; 9B was: observed. o -"-m- \> :■ ■) y.v-- • 

. . : EXAMPLE 3 ?:v-.s-v'.^ • •>< . *£cV./i 7.:,:-; i ; >• 

?r^<>>w:^:.*cwf-.--.-' The-* s ames experiment ^ as < for EXAMPLE vlh ;waS/; :conducted^ . 

. except rth'a.t instead of the monomer represented by: " : ; * ;. 
J . formula ( 2 0:);, : a;: monomer represented by^ formula, ( 20 ).*-l,io. 

15 was used.:. .... 

As a result, though almost no change in alignments :v V- 
.was observed before .and after the UV.< irradiation when: 
only UV irradiation was applied, vertical alignment was 
u^n ; : . : - realized all over: the celi- when 0 . 1 part:- by weightr. ofv wv.. ; i.i 
^ .-4**--, f ^/^^2Q • irgv 65-1-1 was : added'iras^a-.vpolymerization initrator^'basied^^t r-^y^ 
on 100 parts by weight of the liquid: crystal, followed: 
by UV irradiation. However, the liquid crystal was 
slightly tilted, and grayish domains remained partly. 

Hereupon, the monomer represented by formula (21) 
25 was added in the same way as in the case of EXAMPLE 2. 
As a result, complete vertical alignment as shown in 
Fig. 9B was observed all over the MVA panel. Also no 
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trouble was observed in the switching performance in 
the director direction at the time of liquid crystal 
driving . 



C 12 H 25 

GH^GHCOO^GH^-CH^GH^-COOCH^CI^ — - (20) -1 . , 

• 5 EXAMPLE 4 f: r 7- • • % ■ -/ ■ 

Experiments similar to EXAMPLE 1 were.* performed, in . . 
which the length of the alkyl group; of R 5 \ was changed . - 
so as to see: the change of the alignment behavior";. i-.i<G0**i ; 
civcwt^x^v^? ■: * t- " • Signif icanit ^v.ert'ical val-ignment- was observed* when^u .:v>**&\L. 
r 10 the alkyl group was longer than ;C 6 Hi3 ( 6 , carbons ) r. r 

"* Significant: vertical:^ adignment was observed}: . ...1 -x ; : ' ■■■.^•.«. 

particularly when the number of carbon was on the order , 
of 7-8 for those/ having a benzene ring introduced 1 ;^ ;...*■;>■> r '•• 
Regarding, a simple alkyl group, significant ^vertical. ^ ; 

15 alignment was observed when the number of carbon was on 
>.:V*v:.--; i r. .. ^ .the order; qfi-5 • 1*0.-1:2 ^u:-;: .. . :c :v= t^/o.w:<:: /.vr; ; v .w 

■;&"*is£ifrf\*r a • . rOn ^the mother hand, 'when the carbon "number: ' exceeded 1 ^: v.^' 

18 (CigCH.37-)'r the level of vertical alignment tended to 
decline/ perhaps owing to the fact that the alkyl group. 
20 was folded and did not form a straight chain. When the 
number exceeded about 18, fluctuation in alignment was 
observed, perhaps owing to the monomer concentration 
distribution. 

COMPARATIVE EXAMPLE 2 
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The same experiment as for EXAMPLE 1 was conducted 
and an evaluation cell was prepared except that 
stearyltrichlorosilane CH 3 ( CH2 ) i7SiCl 3 , a material that 
can be chemically bonded to a hydroxy group on the 
5 substrate surface, was added in an amount of 2.0 parts 
by weight based on 100 parts by weight of the liquid 
crystal, as a model experiment to see the, effect of a 
polar-group structural part having impurity ions. As a 
result, vertical alignment was possible, but the 

10 a voltage maintaining, rate- of the ?cell. was zero,, and. the 
cell was rin;; the electroconduetive state. *alt was r-f oundi v 
that H + r\?and €1" werec eluted.;out intb.:the ^liquid rcrystad \ 
as impurities. In the same manner, all: materials 
having ionic , hydrophilic end groups , v such: as SDS ; ■ \.- /-jl-.s 

15 ( sodium dodecyL. sulfate) and CTAB 

( cetyl.tr imethylammonium : bromide ) emitted- ionic v 
impurities into the v. liquid crystal , so that the 
retention rate was far below the level (about 97% or 
higher) at which TFT driving was possible. - v.-iiii. u ■ ^1 
-^••20 ' r -EXAMPLE ; -5' > • *?.\ K -'j'Ci&Ys*s ir --'--v.*.* .• **./■ s *$v ? t--**^ 4 * «*v. -:i*,r'* 

A monomer represented by formula (20) and -v. 
CH2=CHCOO(CH 2 )iiOCOCH=CH2, a bifunctional monomer having 
an alkylene skeleton, were mixed at a molar ratio of 
20:1. The mixture in an amount of 0.5 parts by weight 

25 was dissolved into 100 parts by weight of liquid 
crystal A. This mixture was introduced into an 
evaluation cell that had been treated in the same way 
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as in EXAMPLE 1, followed by sealing. Here, Ci 8 CH 3 7 was 
used for R 51 of the monomer represented by formula (20), 
and Irg. 651 in an amount of 0.1 part by weight was 
added, as an initiator, to 100 parts by weight of the 
5 liquid crystal. 

When the state of the alignment was observed after 
an annealing treatment at 90°C for half an hour, - 
vertical- alignment was seen partly, for example at the 
ITO electrodes, etc. Then, nonpolarized UV -irradiation 

10 was performed at. 300 mJ/cm 2 . In the observation after \ 
the irradiation, vertical alignment was seen when no ; 
voltage .was - applied However , a state tcomp let Blsyr-r-.^ - 
without def ects as. shown in Fig. 9B could not : be* - 
achieved . ; . 

15 EXAMPLE 6 

A mixture obtained by mixing a monomer . represented 
by formula (22) and a monomer represented by formula 
(21) and a mixture obtained by mixing a monomer 
represented by formula (23 ) and a monomer: represented w? ! 

20 by formula (21 ) / ■ - at- a molar ratio of 20: 1>a respectively, 
were dissolved in an amount of 0.4 parts by weight, 
respectively, into 100 parts by weight of liquid 
crystal A. These mixtures were introduced into 
evaluation cells that had been treated in the same way 

25 as in EXAMPLE 1, followed by sealing. Here, R 81 of 

formula (22) and R 91 of formula (23) are both an alkyl 
group. C12H25 was used, here. Irg. 651 in an amount of 
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0.1 part by weight was added, as an initiator, to 100 
parts by weight of liquid crystal A. 



OCOCH = CH 2 

R 81 O C OCOCH = CH 2 " ' • (22) 

OCOCH = CH 2 

CH = CHCOOH 
R 91 — C — CH = €H COOH - -- (23) : : 

CH-CHCOOH l 

5 When the state of the alignment of the panel was 

observed after an annealing treatment at 90°C for half 
an hour followed by nonpolarized UV irradiation at 3 00 
mJ/cm 2 , both cells showed good vertical alignment when 
no voltage was: applied. . v. 

10 r - After the 4 UV irradiation^ both cells? were?:; - ->: ^v 

disassembled, washed with isopropyl - alcohol to remove 
the liquid crystal, and the substrate surface that had 
been contacted with the liquid crystal was observed. 
As a result, it was confirmed that a polymer film was 

15 left on the surface. The substrates were reassembled, 
a liquid crystal was reintroduced, and the state of 
alignment was observed. A state of vertical alignment 
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that was about the same as the one before the 
disassembling was observed. 
EXAMPLE 7 

For a TFT liquid crystal panel having an MVA 
5 structure as shown in Figs. 1 and 2, a monomer 

represented by formula (20) -2 and a monomer represented 
by formula (21) were mixed at a molar ratio of: 20:1. 
The mixture in an amount of 0.1 part ■■ by ? weight was : *> 
dissolved into 100 parts by weight of liquid crystal. A.. 
10 This mixture was introduced: into oan.? evaluations cell . ;V. 
. that; had been treated ^in : the same way . as an EXAMPLE - l 
followed by sealing . , ; Here, C12H25 wa ! s; used for Rr 2 y .and „ 
Irg. 651 in an amount of 0.1 part by. weight was.added, 
as an initiator, to 100 parts by weights of the j liquid o 
15 crystal. . . 

When the state of the alignment of thei panels was * 
observed after an annealing treatment at 90°C for half- 
an hour followed by nonpolarized UV irradiation at 3 00 
mJ/cm 2 , black luminance on the same level: as, that: of* a: 
? 20 -conventional' ^MVA panel could be -obtained at > no - voltage:: 
application .: Also no trouble was observed in -the* 
switching- performance in the director direction at the 
time of liquid crystal driving. 

Similar results were obtained when slits of the 
25 electrode were applied instead of the uneven parts on 
the TFT side, and similar experiments were conducted. 
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HOOC — HC = CH 




R 52 



•••(20)- 2 



R: alkyl chain 



EXAMPLE 8 

A seal pattern was formed on one of cleaned glass 
substrates, using a thermosetting sealant made by 
Mitsui Chemicals, Inc. ,-, and spacers (made by Sekisui 
Fine ■ Chemicals .Co • Ltd . ) having a particle.- diameter, of .: 

4 ~\im -were scattered by a wet scattering method onto the 
other ^substrate/: -using ethanol:. The ' substrates " were . ; 
bonded together, followed by vacuum packing : and: baking : 
at 135°C to form a blank panel . i . : * >»- : 

As a second compound according to the present 
invention with a cross-linkable structural part and 
substantially without a, hydrophobic long-chain • 
terminal part, a compound represented by formula (24) 
was used, as a > third compound with a hydrophobic/ long^. 
chain- - terminal '. part ^and ; wit h one- polymerizabie' group a r : 
compound represented by formula ( 25 ) was used and they 
were mixed together. 




OCO-CH=CH-H O) — CH= 




CHCOO 




•••(24) 



CH 2 =CHCOOCi 2 H 26 



•••(25) 
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The molar ratio of the mixture, that is, the molar 
ratio of the compound represented by formula (24) : the 
compound represented by formula (25) = 1 : 15. Two 
parts by weight of the mixture was mixed with 100 parts 
by weight of liquid crystal A. Furthermore, 0.1 part 
by weight of Irg. 184 (Irgacure 184) as a 
polymerization initiator was mixed, based on , 100 parts .. 
by weight of the < liquid crystal . v — \ * - * v 

After . the mixture was introduced into the., blank'. - 
panel,- UV ^irradiation. :was: performed to form, a; liquid : ^ 
crystal ^display panel . ^ -UV. was . irradiated J.-ate- -rlsOt :mW/cml - 
for one : minute >: at ^rroom temperature . : < -Before ^he^Ws ?:*r 
irradiation, horizontal alignment was. observed, when no- 
voltage was applied. . However, after the -UV .irradiation 
uniform vertical alignment was observed.. 

EXAMPLE. 9 - . - . . . ; : ' ; - V 

The same ^experiment as for EXAMPLE 8 was conducted 
to form a liquid crystal display panel, except that a 
monomer, represented oby formula (26 ); ,was: -used.as a 
second compound By apply ing U V ^ ir r ad ia t io ny-t uniform ? c 
vertical alignment was observed at no voltage 
application. 



The same experiment as for EXAMPLE 8 was conducted 




EXAMPLE 10 
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to form a liquid crystal display panel , except that a 
monomer represented by formula (27) was used as a 
second compound. By applying UV irradiation , uniform 
vertical alignment was observed at no voltage 
5 application. 

^0)~ CH=CHCH = CH — (j3y— COOCHa - - .(2 7) 

EXAMPLE 11 , ■: 

.The. same experiment :as for EXAMPLE 8 was conducted- 
to form a liquid crystal display panel, except .that, a^^; 
10 • monomer r represented: ,by - formula ( 28 );** was" used as <^a~- -*y..i?>'-; .V 
second ^compound . By applying UV irradiation > uniform : 
vertical alignment was observed at no; voltage 
application . . 

^^^CH=CH— ^OV-CH=CHCOOCH3 ' : ' (28) 

.: ••<• 15 EXAMPLE 12: . . - : • - ^. ; 

r^^-\r^ ■.-'r.-'-.r The -same ^experiment - as for EXAMPLE 8^was- f conduotedrf :.. ^ 
to form a liquid crystal display panel, except that a 
monomer represented by formula (29) was used as a 
second compound. By applying UV irradiation, uniform 
20 vertical alignment was observed at no voltage 
application. 
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Ci 2 H 2 60CO-CH=CH ^O)~ CH=CH ' C00c ^ 2B • • '(2 9) 



EXAMPLE 13 

The same experiment as for EXAMPLE 8 was conducted 
to form a liquid crystal display panel, except that a 
5 monomer represented by formula (30) was used as a . 
second compound. By applying UV irradiation/ uniform 
vertical alignment was observed at no voltage 
application. . \. : . r < ... , >\ 



10 EXAMPLE 14 \ 

The same experiment as for EXAMPLE 8; was conducted 
to form a liquid crystal display panel, except that a 
monomer represented by formula ( 3 1 ) ^was ^ used as a :. • 
■ t > - second compound . - -B y applying >UV irradiation^ uniforms - 
15 vertical alignment was observed at no voltage 
application. 



O 




O ■>-".. -(3 0) 




• • -(3 1) 
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EXAMPLE 15 

The same experiment as for EXAMPLE 8 was conducted 
to form a liquid crystal display panel , except that a 
monomer represented by formula (32) was used as a 
5 second compound. By applying UV irradiation, uniform 
vertical alignment was observed at no voltage 
application. v. 





N (CH2)2CH=CHOCO (CH2)6-COOCH=CH(CH2) 2 -N. • . ■ - .* ... (32) 

o o 

EXAMPLE 16 K'^K--:^, Li: 

10 The, same experiment as for: EXAMPLE 8: wasriconducted 

to form a liquid crystal display panel ; except -that a:\ 
monomer represented by formula ( 33 ) was , used as a 
second compound. By applying UV irradiation , ouniformv ; ■ 
vertical alignment was observed at no voltage : 
15 application. 

••- :::>'> . ' : * J ^ .'.o^-vr .-.-v , ■: ..• ,- ; , ; ■ .*.-•>.. ■ 




CH2=CHCOO(CH2) 2 N I N(CH 2 ) 2 OCOCH=CH2 • • ■ - < 3" 3 ) - 



EXAMPLE 17 

The same experiment as for EXAMPLE 8 was conducted 
to form a liquid crystal display panel, except that 
20 monomers represented by formula (34) were used as a 
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second compound. By applying UV irradiation, uniform 
vertical alignment was observed at no voltage 
application. 

CH 2 =CHOCO ^y^Y^\ 
CH 2 =CHOCO 

5 EXAMPLE 18 

The same experiment as for EXAMPLE 8 v was:; conducted 
to form a liquid crystal display panelV except- that a 
monomer represented by formula ( 35 )\ •'•was-; used eras; va* - v 
second compound. : By .applying UV irradiation; -uniform : 
10 vertical . alignment was observed at no voltage . 
application.- . ... . ■ . 

CH 2 =CHCOO-(CH 2 ) 1 o-OCOCH=CH 2 • • • (35) 

However, when a voltage of 10V, 30 Hz was- applied 
to; : the liquid crystal, panel for^one^houtv some-whiter: ■■ 
15 lines were observed on the display surf ace after 7 the ^ 
voltage application ceased. 

It is thought that the reason was that the 
network structure from this monomer was soft, and as a 
result, the alignment disorder generated by the voltage 
20 application tended to remain after the voltage 
application ceased. 



O 



CH3CH=CHCOO 
CH3CH=CHCOO 




• • • (3 4) 



O 



57 



